White yam (Dioscorea rotundata) is an important tuber crop of West Africa and the Caribbean, and one the key limiting factors in its production is the availability of good quality planting material. The Adaptive Yam Minisett Technique (AYMT) was designed to help overcome this constraint. The paper presents an analysis of agronomic and economic data collected across four years (2013 to 2016) of AYMT plots planted in two areas within the middle-belt of Nigeria. Of the 136 plots that were established, 11% were lost to flooding and damage from Fulani cattle. Mean yield was 13.16 t/ha, 17,747 tubers/ha and the mean tuber weight was 0.73 kg. Plot yield declined with an increase in planting time, while plots owned by female farmers were on average planted later than those owned by their male counterparts; this helps explain the effect of gender noted in a previous study. Differences in yield were also noted between the two areas, which could also partly be explained by differences in planting time. The plots were profitable, with a mean cost over the four years of Naira 915,196/ha, revenue of Naira 3,197,786/ha and gross margin of Naira 2,282,591/ha (equivalent to US$4,039, US$14,319 and US$10,280 respectively). The main factor influencing costs and revenue was year, with no effect of gender. There is a need for more research on planting time in AYMT and how it interacts with factors, such as yam variety.
Introduction
White yam or Greater Yam (Dioscorea rotundata) is an important tuber crop of West Africa and the Caribbean. One of the limiting factors in its production is the availability of good quality planting material, mostly in the form of small tubers (seed yams) or pieces of tuber (setts). The vegetative form of yam propagation does allow pests and diseases to be carried from one season to the next, and this can result in serious losses of yield as well as reductions in tuber quality and economic value. In addition, if a large tuber is cut to produce setts, there is greater exposure to pests and diseases. Also, there is a limit as to how many setts can be produced by a large (mother) tuber, especially as the smaller the sett, the smaller the tuber it produces.
Various initiatives have been introduced during the past decades to help address the limitation imposed by the availability of planting material. One approach has focussed on the use of 'minisetts' (Iwueke et al. 1983; Orkwor and Asiedu, 1998) , setts in the range of 10 to 80 g, cut from a larger 'mother' tuber. The minisetts are used to produce seed yams. The classic form of this approach was developed and promoted in Nigeria from the late 1970s, and involved the sprouting of yam minisetts (25 g) treated with a pesticide dust and/or woodash in a nursery before transplanting to meter ridges in the field at a spacing of 25 cm (Kalu et al., 1989) . Various studies have shown that adoption of the 'Yam Minisett Technique' (YMT) in its entirety by farmers has been mixed, although assessing what is meant by 'adoption' can be a challenge. Does adoption mean a farmer has to adopt the whole package or can he/she take on board some of it? A summary of YMT adoption studies is shown in Table 1 , and the average level of adoption across these studies is 31%. However, it should be noted that the results are highly variable and site-specific and this may in part be explained by differences in the way 'adoption' was assessed.
While the YMT has been extensively promoted by extension services in West Africa, an issue often identified by farmers is the relatively small sett size, which means that germination takes place in a nursery before transplanting, which increases the labor input for the farmer and adds to the risk, as small setts may not germinate and survive as well as larger setts. Given that yam tubers are relatively expensive, the farmer could lose out if the setts do not survive.
<Table 1 near here>
More recent approaches, notably the Adaptive Yam Minisett Technique (AYMT), have sought to improve adoption by eliminating the nursery stage (Morse et al., 2009; McNamara, 2015, 2017a) . In the AYMT, the sett sizes can be 50 g or even greater, and these larger setts have a better germination and survival rate and can even be planted directly into the field. A further refinement of the AYMT over the YMT has been the use of pesticide 'dips' (a mixture of insecticide and fungicide in solution) to treat the setts rather than pesticide dust/woodash applied to the surface of the setts. The dip allows for better penetration of pesticide into the sett compared with surface dusts, and this helps with control of pests, such as nematodes (Morse et al., 2009) . Other approaches taken to address the issue of planting material supply are the use of stem cuttings (Asante et al., 2011) , including their use within aeroponic systems (Maroya et al., 2014) .
While much is known about the agronomic performance of AYMT under researcher-and farmer-managed conditions, there are still many gaps in knowledge. For example, earlier research suggested that the gender of the farmer owning the plot might play a role in the agronomic effectiveness of AYMT, with female-owned plots tending to perform less well yield-wise than male-owned plots (Morse and McNamara, 2017b) . While there has been speculation on the mechanisms that may be involved, no clear conclusion has been reached to date. Similarly, how does the performance of AYMT differ between different places? Most of the results published to date from Nigeria regarding the AYMT have focussed on the Idah area, along the eastern bank of the River Niger (Morse and McNamara, 2016;  Figure 1 ), which is understandable given that this area is a prime location for yam production, but are comparable results achieved in other places? Finally, there is still a need for more exploration of the economic performance of AYMT plots. It is known that they can be lucrative as far as gross margin goes (Morse et al., 2009; Morse and McNamara, 2016) , but what are the key factors that influence this? For example, does gender of the plot owner play a role? These are the questions that form the basis for the research presented here. <Figure 1 near here>
Methodology

Background and Location
The research was undertaken in Nigeria between 2013 and 2016 as part of a Bill and Melinda
Gates Foundation (BMGF)-funded project on yams (Morse and McNamara, 2016) . One component of the project focussed on the promotion of seed yam entrepreneurship in Nigeria, and this entailed the establishment and monitoring of a number of seed yam plots in each country. The monitoring was relative to agronomic and financial performance of the plots, and detailed records were kept of all inputs, including labor.
The seed yam plots that provided the data for this research were primarily located in the Idah area of Igalaland, Kogi State, and the Amoke area, Idomoland, Benue State, Nigeria ( Figure   1 ). The choice of these locations was influenced by a number of factors. Idah is located on the eastern bank of the River Niger and sits within one of the prime ware yam-growing areas in the country, and farmers in that area tend to specialize in growing that crop. Amoke is located south of the River Benue, but further from that river than Idah is from the Niger.
Amoke farmers also specialize in yam production.
The number of plots included in the research are shown in Table 2 . The seed yam entrepreneurship promotion began first in Idah (2012 and 2013) before including Amoke farmers in 2014. The year 2012 was more of a test-bed for identifying and engaging with potential seed yam entrepreneurs and indeed proved to be challenging, as a severe flood of the River Niger took place that year and many plots were lost as a result. Hence this paper only focuses on the period 2013 to 2016. As can be seen from Table 2 , most of the farmers owning the plots were male. The reason for this is that in Igala and Idoma culture, and indeed in much of Nigeria, yam is a male crop (Okeke et al. 2008) , and men do the bulk of the work when it comes to land preparation, planting and staking. The involvement of women is mostly in marketing, but they do help with the transporting of yams during harvesting and storage. While it is not unknown for women to own yam plots, they usually pay men to do the bulk of the fieldwork. <Table 2 near here>
Data collection
All of the plots were owned by the farmers and they were responsible for all management decisions. Plot sizes were 20 ridges of seed yam, each 20 meters long. Ridges were typically spaced at 1 meter and setts were planted along the ridges at approximately 50 cm spacing. Agronomic and financial performance data were collected from each of the plots. Sprouting counts were typically made 60 to 90 days after planting and decisions over when to harvest were made by the farmers. All tubers harvested were counted and a random sample of 50 was weighed to provide an estimate of the total weight. All of the participating farmers opted to keep their seed yams for planting rather than sell them. Hence to assess the revenue, the number of tubers harvested was multiplied by an estimated price per tuber obtained from the farmers. The estimated prices for the seed yams each year along with the sample size for the estimation are shown in Table 3 . Most of the labor input came from family members and friends rather than hired hands. Hence, to calculate the cost of labor, it was necessary to impute figures based on person-hours (number of people × time taken) for each activity along with the rate for paid labor in that year. The labor rate was estimated for each year by asking the farmers and the results are shown in Table 3 .
<Table 3 near here> Data were analyzed using multiple regression via MINITAB. Dependent variables (agronomic and financial performance) were transformed by taking the natural logarithm (LN).
Model for the analysis of the agronomic data was as follows: Model for the analysis of the financial data was as follows:
The dependent variables were LN total cost (Naira/ha), LN revenue (Naira/ha) and LN gross margin (Naira/ha).
1
In both models, the independent variables were: 
Results
A table of descriptive statistics -sample sizes (N), means and standard deviations (SD) -for
the data collected is provided as Table 4 (agronomic data) and Table 5 (economic data).
<Tables 4 and 5 near here> 1 US$:Naira Official Exchange rate as of the 15 th December each year: 2013 US$1= Naira 158.85; 2014 US$1= Naira 180.80; 2015 US$1 = Naira 199.00; 2016 US$1= Naira 317.00
Sprouting rate was, on average, 83%. Yields of the seed yam plots ranged between 6 and 19 t/ha, with a mean of 13.16 t/ha, 17,747 tubers/ha and a mean tuber weight of 0.73 kg (Table   4 ). These are good yields, probably reflecting the rich soils of the Idah and Amoke areas and the specializations of the farmers in yam production. The mean tuber weight of 0.73 kg may seem to be on the high side for seed yam tubers, but as noted in previous papers this hides a key advantage of AYMT in that farmers like the mix of seed and ware yam tubers sizes that it produces (Morse et al., 2009; Morse and McNamara, 2015) .
The economic data (Table 5) to flooding and damage from Fulani cattle; a loss rate of 11%. This is a significant risk, given the investment, although of the 121 that survived, only 3 plots made a loss. Estimated labor costs made up, on average, 60.5% of the total costs, whereas materials (largely planting material) made up, on average, 39.5% of the total cost; in both cases the standard deviation = 16.33%. However, from the farmers' perspective, the vast bulk of the cost of the plots (typically 70% or more) is in planting material, as most of the labor is provided 'free' by household members and others.
The results of the regression analyses for the agronomic variables are shown in Tables 6 (agronomic data) and 7 (economic data). Note that for the agronomic and economic analyses, the dependent variables were the natural logarithms of the raw data.
<Tables 6 and 7 near here> There were some significant differences in agronomic variables between areas and across years. The number of tubers harvested per ha was higher in Amoke than in Idah, and across both areas, there was a significant decline in number of tubers and tuber weight between 2013 and 2016, although the pattern in this decline was different between the two areas.
The importance of planting day is highlighted in Table 6 regarding the agronomic variables.
The later the planting, the lower the number of tubers harvested, weight of tubers harvested and mean tuber weight. This relationship has been noted before (Morse and McNamara, 2017b ), but interestingly, in these data, there is evidence that planting date has been increasing across time. The results in Table 5 suggest that there were interactions between planting date and gender.
A plot of tuber weight and mean tuber weight against planting day for male and female farmers is shown in Figure 3 (A) and Figure 3( Similarly, the results in Table 6 suggest an interaction between area and planting day for two of the variables: weight of tubers (P=0.061) and mean tuber weight. Idah farmers tended to plant earlier than Amoke farmers. The mean planting day for Idah farmers was 145.23 (SD = 17.7) and for Amoke farmers it was 154.27 (SD = 18.82). The difference was statistically significant (F = 8.33**; error df = 134). Therefore, for the agronomic data, a major explanatory factor was planting day, although this did interact with other factors, such as gender and area.
None of the labor inputs had a statistically significant impact on the agronomic variables, although there was a significant interaction effect between harvesting labor and year and area.
Indeed, the plots in Figure 3 (C and D) suggest that the relationship between the logarithm of harvesting labor and the logarithm of number of tubers/ha and tuber weight/ha was curvilinear in nature. Hence, these variables increased with harvesting labor but only up to a point after which the relationship levelled off. This seems a logical relationship, and indeed would suggest that it some cases, more labor was used for harvesting than would be necessary. It should be noted that harvesting labor in the context of the records kept for these plots included the presence of women and children, who helped to park the tubers within the field before transporting them to the store. Yam is a valuable crop and it is likely that farmers would be anxious to have the crop harvested and stored as quickly as possible.
Regarding the economic data (Table 7) , a pattern was less apparent than with the agronomic data. There is no evidence to suggest that the gross margin obtained by female plot owners was less than that obtained by males and the results were similar for the two areas. The dominant influence appeared to be year, along with some significant interactions between year and area, and year and gender. Variation in cost and revenue across years would be expected, given that with inflation the prices of planting material and labor vary, as indeed does the market price of seed yams.
Discussion
The dominance of planting time on the agronomic variables does stand out from this research even if the nature of this influence can vary by gender and area. Thus, it is clearly important to plant yam setts earlier in the growing season rather than later, so the plants can maximize the available water and light. It is interesting to note that across the 4 years of the plots being established, farmers tended to plant later in the season, at least up until 2016 (Figure 2 ).
Planting time is, of course, driven in part by the onset and establishment of rains, but another factor in the case of seed yam is that farmers tend to establish their ware yam plots as a priority and only then will they turn to planting the plots for producing seed yam. It is possible that farmers have been experimenting with extending the planting date to see what would work best, given the other demands on their time, and anecdotal evidence based on discussions with some of the farmers suggests that this has indeed been the case.
While the point regarding the importance of planting date was noted in a previous paper (Morse and McNamara, 2017b) , the results presented here highlight the importance of interactions between this variable and gender and area. Female-owned plots were established later than male-owned plots; showing a greater decline in yield and mean tuber weight with delay in planting time. This finding ties in with the need for women to hire men to do most of the field work with yam, and given that the men will work on their own plots first, it does mean that females will establish their own plots later in the season. Thus, while yam is a male-dominated crop, women can own yam plots, although local culture dictates that men do the bulk of the labor, especially land preparation, planting and harvesting. Women traditionally are involved more in weeding, transporting yam tubers from field to store and marketing. This male-dominated tradition extends to seed yam. While the greater involvement of females in yam production is to be welcomed, they may face the limitation of labor availability at the best time for land preparation and planting.
Planting day also interacted with area, and this was largely driven by later planting in the Amoke area relative to Idah. Idah is a more riverine area and yam planting can take place earlier because of the residual moisture. Indeed, flooding of yam plots is an issue in Idah and this comprised most of the 11% loss rate in plots across the four years. Amoke is further inland from the River Benue, although some localized flooding does occur. In both areas, seed yam plots are established after the ware yam plots and if the latter are planted later in Amoke relative to Idah, then so too will the seed yam plots.
It was not possible in these data to link labor input with the agronomic variables, except for harvesting labor. Given all of the plots were harvested by hand, it is reasonable to suppose that a link between harvesting labor and tuber number and tuber weight would exist, and it also seems reasonable to expect the two to have a curvilinear relationship. More labor would tend to generate more harvest as more effort would be placed into finding and removing the tubers from the soil, which can be quite hard and compact at the time of harvest, but this would only be so up to a point. Given that seed yam is a new crop for many of these farmers it may have been challenging for them to judge the labor required for harvest, and a concern over security is common with yam given its relatively high financial value and farmers are understandably anxious to move their tubers from field to store as quickly as possible.
The absence of any statistically significant link between independent variables, other than year and economic performance of the plots, was expected. Noteworthy here was the absence of any evidence for a difference in financial performance between male and female farmers.
Conclusions
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